Abstract-Edges play a crucial role in digital image processing. In this paper, an improved simplified novel method is presented to improve the quality of edge detection in grayscale images. In this method, a 3x3 binary matrix is employed to process each and every pixel by means of vicinity. Each pixel is considered an input and by examining binary matrix, the edge pixel is specified and by utilizing conditions and adaptive thresholding of the algorithm, edges are displayed more clearly. This method not only detects edge in images but removes noise as well. A comparative study of different edge detection techniques like Sobel, Prewitt, Roberts, LoG, zero-cross, Canny, fuzzy techniques and SNM with the proposed technique is presented. The proposed technique gives better results in terms of smoothness, sharpness, continuity, true edges and execution time than the conventional edge detection techniques.
I. INTRODUCTION
Edge detection is a fundamental tool used in most image processing applications to obtain information from the frames as a precursor step to feature extraction and object segmentation. An edge is defined by a discontinuity in gray level values. This process detects outlines of an object and boundaries between objects and the background in the image [1] . An edge detection filter [1] - [3] can also be used to improve the appearance of blurred image. An overview of some of the studies done in this subject is given below.
One of the most important applications of edge detection is image segmentation. The process of partitioning a digital image into multiple regions or sets of pixels is called image segmentation [1] . Edge is a boundary between two homogeneous regions. Edge detection refers to the process of identifying and locating sharp discontinuities in an image. The Canny algorithm [4] uses an optimal edge detector based on a set of criteria which include finding the most edges by minimizing the error rate, marking edges as closely as possible to the actual edges to maximize localization, and marking edges only once when a single edge exists for minimal response. The non-maximal suppression stage identifies pixels that are local maxima in the direction of the gradient using the magnitude and orientation of the pixels. The major orientation of the gradient, either horizontal or vertical, is obtained by comparing the individual components, G x and G y , which are the result of convolving the smoothed image with the derivative of the Gaussian. Since most edges are at an angle, it is possible to obtain further granularity in the orientation of the gradient by comparing the sign bit of the gradient [2] , [3] .
An Edge in an image is a significant local change [5] in the image intensity, usually associated with a discontinuity in either the image intensity or the first derivative of the image intensity. Discontinuities in the image intensity can be either
Step edge, where the image intensity abruptly changes from one value on one side of the discontinuity to a different value on the opposite side, or Line Edges, where the image intensity abruptly changes value but then returns to the starting value within some short distance [6] , [7] . Many points in an image have a nonzero value for the gradient, and not all of these points are edges for a particular application. Therefore, some method should be used to determine which points are edge points. Frequently, threshold provides the criterion used for detection [8] . The Roberts Cross operator performs a simple, quick to compute, 2-D spatial gradient measurement on an image [9] . It thus highlights regions of high spatial frequency which often correspond to edges. In its most common usage, the input to the operator is a grayscale image, as is the output. Pixel values at each point in the output represent the estimated absolute magnitude of the spatial gradient of the input image at that point. The Prewitt edge detector is an appropriate way to estimate the magnitude and orientation of an edge [10] . Although differential gradient edge detection needs a rather time consuming calculation to estimate the orientation from the magnitudes in the x and y-directions, the compass edge detection obtains the orientation directly from the kernel with the maximum response. The Prewitt operator is limited to 8 possible orientations however experience shows that most direct orientation estimates are not much more accurate. This gradient based edge detector is estimated in the 3×3 neighborhood for eight directions. All the eight convolution masks are calculated. One convolution mask is then selected, namely that with the largest module. In all cases these operators are not suitable for sharp detection of different geometrical shapes in images. Moreover, the visible clarity of hidden alphabets in images is not well detected. Some advanced techniques based on soft computing like fuzzy logic [11] , [12] give better results than the conventional techniques but take longer execution time. The simplified novel method [8] reduces the execution time but results with blunt edges. Our method gives better results as compared to conventional techniques and SNM with less computational time.
The proposed algorithm is based on adaptive thresholding approach of edge detection for grayscale images and is Improved Simplified Novel Method for Edge Detection in Grayscale Images Using Adaptive Thresholding Tirath P. Sahu and Yogendra K. Jain
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implemented in Matlab 10.0. The 3×3 binary matrix shown in Fig. 1 considered defining center pixel as an edge pixel. 
II. IMAGE SEGMENTATION
The first step in image analysis is to segment the image. Segmentation subdivides an image into its constituent parts or objects. The level to which this subdivision is carried depends on the problem being solved. Image segmentation is typically used to locate objects and boundaries (lines, curves etc.) in images [13] . Sometime we need to segment the object from the background to read the image correctly and identify the content of the image, for this reason there are two techniques of segmentation: discontinuity detection technique and similarity detection technique. In the first technique the image is partitioned based on abrupt changes in gray-levels. The second technique is based on the regions and threshold. These paper discuses the second technique for Edge Detection based on thresholding.
III. SIMILARITY DETECYION
Similarity detection partitions an image based on some similarity like gray-level values in image pixels. The edge pixels are determined using the gradient operator, but the resulting edges have small openings or gaps which are not desirable. Thus the boundary is not completely defined by the edge pixels. In order to fill openings or gaps at each pixel, we have to consider the characteristics of pixels in a small neighborhood (3×3 or 5×5). All the neighborhood pixels which are similar to this boundary pixel are linked. Two important properties used for checking the similarity of the neighborhood pixels with respect to the edge pixels are: 1) The strength of the gradient operator response to produce the edge pixel.
2) The direction of the gradient. Now let us consider an edge pixel with coordinates (x, y) and a neighborhood pixel at the coordinate (x', y'). Then the neighborhood pixel (x', y') is similar to the edge pixel (x, y) if
where T is a non-negative threshold value. Then neighborhood pixel (x', y') with respect to edge pixel at (x, y) has an angle similar to the edge pixel if
where
and A is an angle of threshold.
A neighborhood pixel (x',y') is linked to the edge pixel (x,y) if both magnitude and direction given in above equations are satisfied [1] .
Thresholding based image segmentation aims to partition an input image into pixels of two or more values through comparison of pixel values with the predefined threshold value T individually. This is the simplest way of segmentation. Using thresholding technique regions can be classified on the basis of range values, which is applied to the intensity values of the image pixels. The thresholding technique can be put into three different types based on function T and its associated parameters as given by:
where f(x, y) is the gray level at the point (x, y) and p(x, y) denotes some local property at that point (e.g. the average gray level of neighborhood center on (x, y)). Thresholding is the transformation of an input image f(x, y) to an output (segmented) binary image g(x, y) as follows [1] :
where T is the threshold, g(x, y) =1 for image elements of objects and g(x, y)=0 for image elements of the background(or vice versa Fig. 2 shows how thresholding works on gray-scale images to find the pixels i.e. candidate of edge. 
IV. PROPOSED TECHNIQUE FOR EDGE DETECTION
As some of the conventional techniques the proposed technique is also based on the first order derivative of the gradient operator [1] . In this technique image is first converted into grayscale image. There is no need to convert image into a binary image as in Simplified Novel Method [8] . This is the key factor of our algorithm. Many techniques are there for image segmentation based on discontinuity and similarity detection [13] . Here we use adaptive thresholding based on similarity detection for image segmentation. The thresholding technique can be put into three different types based on function T and its associated parameters as given by:
where f(x, y) is the gray level at the point (x, y) and p(x, y) denotes some local property at that point (e.g. the average gray level of neighborhood center on (x, y)). Thresholding is the transformation of an input image f(x, y) to an output (segmented) binary image g(x, y) as follows: [1] , = 255, , ≥ 0, , <
where T is the adaptive threshold value, g(x, y)=255 for image elements of objects and g(x, y)=0 for image elements of the background(or vice versa) [1] . Consequently a 3×3 widow is employed to process each and every pixel with central pixel as a query pixel. The method is used to decide whether the query pixel is a part of edge or not, based on gray values of the pixels. In general, it is found that the best results are achieved if gray values from 0 to 80 are set as black and that from 81 to 255 are set as white. We have added the border pixels throughout the image to decide the edginess of border pixels comfortably. The 3×3 window spans across the image from one pixel to another and so on. The condition of 3×3 window is given in the flowchart. The conditions given in the flowchart decide the central pixel as an edge pixel. Thickness of obtained edges is not desirable; so the post-processing morphological [14] thin function is applied to thin the obtained edges. Flowchart of this technique shown in Fig. 3 explains step by step procedure to be followed.
V. EXPERIMENTAL RESULTS
The proposed system is simulated in MATLAB 10.0 and tested with different images without noise and with additive noise. The results are then compared to that of the conventional technique like Sobel, Prewitt, Roberts, LoG, zero-cross, Canny and fuzzy techniques.
From Fig. 4(a) , it is clear that the proposed system gives the best result in terms of smoothness; sharpness and continuity of outer boundary which the conventional technique fails to detect it. The edges of hole are continuous relative to other techniques. This image is tested without the addition of noise, and the corner of the image get sharper than the conventional techniques. Fig. 5(a) shows that the image containing Gaussian noise is tested with all techniques. The proposed technique yields smoother boundary relative to other conventional techniques and removes noise as well. Fuzzy technique, using 2×2 mask also removes noise but boundary is blunt and using 3×3 mask, the bottom edge formed by boundary pixel of image is not detected. In Fig. 4(b) and Fig. 5(b) it is seen that the image of cameraman with the proposed technique detects the object clearly. When conventional techniques are applied to same image the generated output has lot of false edges generated from image background. The proposed method results with thin edges and less noisy flat areas. It also gives sharper result in the edgy regions than the conventional techniques. Fig. 4(c) and Fig. 5(c) shows that the image of nuts-bolts with Canny operator gives smoother result but it detects the edge of nuts as circle shape. The proposed technique detects the edge of nuts precisely. The edge detected by the fuzzy techniques contains more pixels resulting thick edges. The edges of nuts-bolts image with additive noise are detected precisely by proposed method whereas fuzzy techniques, SNM fails to detect the edges of the object clearly. The edges of the image get smoother with the proposed method.
In Fig. 4(d) and Fig. 5 (d) the edge detection techniques is applied to zebra image and by visualization our proposed method gives best results in terms of object. Canny operator detects edges of object as well as false edges from background. The outputs of fuzzy techniques also have similar issues.
For quantitative measurement of the performance of proposed method with classical edge detectors and fuzzy techniques we have used two parameters, namely PSNR and Execution Time. The simulation results are tabulated below. Simplified Novel Method [8] gives best results in terms of execution time. But in terms of the quality of the detected edge, Canny edge detector is the best among the conventional techniques. So we are comparing the result of proposed technique relative to Canny Operator. As indicated in the tables, the output of proposed method is best on all the three parameters. 
VI. CONCLUCIONS AND FUTURE WORK
The proposed method gives the best result in terms of noise removal, smoothness, sharpness and continuous edge boundary. The classical edge detectors doesn't remove noise that causes blunt edges which are minimized using the proposed method that offers good result with less computational time and greater accuracy. Hence edge detection is improved to a great extent. Adding border pixels to image and applying morphological thin function makes this method versatile and robust. Though simple the method offers best result among the classical operators. The method can be useful in a wide variety of applications where digital image processing plays an important role as in medical backgrounds, robotics where fast processing of image is required. The proposed technique is tested and compared in MATLAB 10.0 environment. A drawback of the proposed technique is that it fails to detect edges in images with lot of details. The enhancement of this technique can be devised by using other intelligent techniques for image segmentation which would clearly identify the objects from the background in detailed images.
